Relations between reading and writing have been studied extensively, but the less is known about the developmental nature of their interrelations. This study applied latent change score modeling to investigate longitudinal relations between reading and writing skills at the word, sentence, and text levels. Latent change score models were used to compare unidirectional pathways (reading-to-writing and writing-to-reading) and bidirectional pathways in a test of nested models. Participants included 316 boys and girls who were assessed annually in Grades 1 through 4. Measures of reading included pseudoword decoding, sentence reading efficiency, oral reading fluency and passage comprehension. Measures of writing included spelling, a sentence-combining task, and writing prompts. Findings suggest that a reading-to-writing model better described the data for the word and text levels of language, but a bidirectional model best fit the data at the sentence level.
Although historically most research and pedagogy has separated reading and writing instruction (Shanahan, 2006) , relations between reading and writing (i.e., literacy skills) have been studied extensively over the past couple of decades. Most studies reveal that reading and writing are highly related (e.g., Abbott & Berninger, 1993; Berninger et al., 2002; Jenkins et al., 2004; Juel, 1988; Juel et al., 1986; Loban, 1963; Shanahan, 1984; Tierney & Shanahan, 1991) , and neuroimaging studies have shown that reading and writing activate overlapping brain regions (Pugh et al., 2006) . Furthermore, interventions that have focused on transfer of skills show that reading instruction has a positive effect on writing (Shanahan, 2006) and writing instruction on reading (Graham & Hebert, 2011; Tierney & Shanahan, 1991; Weiser & Mathes, 2011) . However, less is known about the developmental nature of the interrelations.
Whereas some earlier studies examined correlations (e.g., Shanahan, 1984) , other studies included multivariate structural equation modeling (SEM) and were cross-sectional in nature (e.g., Shanahan & Lomax, 1986 , 1988 . Structural equation models include various measures to form reading and writing latent factors. In an exploratory multivariate analysis, Shanahan (1984) examined the relation among several reading measures (phonics, reading comprehension, and vocabulary) and writing measures (vocabulary diversity, syntactic complexity, qualitative and quantitative measures of spelling and story organization) of approximately 250 students in Grades 2 and 5 and showed that correlations between the reading and writing measures ranged from .14 (vocabulary and number of writing episodes) to .68 (phonics and orthographic accuracy) in Grade 2, and from .13 (reading comprehension and average t-unit length) to .62 (vocabulary and orthographic accuracy as well as vocabulary and spelling) in Grade 5. Lomax's (1986, 1988) studies are one of the earliest examples of structural equation models used to examine potential bidirectional reading-writing relations. Their studies included three factors for reading (phonetic word analysis, vocabulary, and comprehension) and four for writing (spelling, vocabulary diversity, syntax, and story structure), where reading comprehension, spelling, and story structure were latent variables composed of two or more observed variables. Their results showed that the bidirectional model provided the best fit to the data in Grades 2 and 5 in comparison to the alternative unidirectional models, where reading factors influenced writing factors and writing factors influenced reading factors. The amount of shared variability between reading and writing rarely exceeded 50% in correlational studies using observed indicator variables (Shanahan, 2006) . In contrast, with the use of latent factors in more recent studies, estimates of shared variability between reading and writing have ranged from 77% to 85% at the word level and about 65% for text-level variables (Berninger et al., 2002) . A recent study of the development of spelling and word-level reading in Dutch first through sixth graders reported divergence in their developmental patterns. Phonological awareness and knowledge of letter-sound correspondences predicted early word-level reading more than later word-level reading, but they were consistent predictors of spelling across the developmental range examined (Vaessen & Blomert, 2013) .
Various approaches have been used to investigate longitudinal relations between developing reading and writing (e.g., Abbott et al., 2010; Lerkkanen et al., 2004; Metha, Foorman, BranumMartin, & Taylor, 2005) . One frequently used approach is crosslagged correlational or SEM. Cross-lagged models use longitudinal data and examine how one variable in the model influences itself over time (i.e., autoregressive parameters) and how each variable crosses over to influence the other variable at subsequent times (i.e., cross-regressions). Lerkkanen, Rasku-Puttonen, Aunola, and Nurmi (2004) conducted a study that examined bidirectional relations between reading and writing using a sample of first-grade Finnish students. Finnish is a transparent orthography and has more direct letter-sound correspondences than English (i.e., students make fewer spelling errors). Their analyses included one latent variable for initial reading skills (letter naming and word-list reading); one latent variable for reading (word reading and reading comprehension); and two latent variables for writing, spelling, and writing fluency (measured as writing as many words or sentences, or a story about a given picture). The model was a cross-lag SEM including bidirectional relations between the reading factor and a writing factor. Initial reading skill was added as a covariate to predict Time 1 reading and writing. After removing nonsignificant pathways, their results showed that reading and spelling were reciprocally related during the first semester, but in subsequent semesters, reading predicted spelling, and writing fluency predicted reading.
Although these studies and several others show that relations between reading and writing appear to be bidirectional Lerkkanen et al., 2004; Shanahan & Lomax, 1986) , other studies suggest that the relation is largely unidirectional. Some studies have reported that writing influences reading (e.g., Berninger et al., 2002; Caravolas et al., 2001; Cataldo et al., 1988; Shanahan & Lomax, 1988) , and other studies have revealed that reading influences writing (Aarnoutse et al., 2005; Babagayigit & Stainthorp, 2011; Berninger et al., 2002; Shanahan & Lomax, 1986; Sprenger-Charolles et al., 2003) . Part of the reasons for the mixed findings from previous studies is that previous studies varied in the number and type of indicators used to represent constructs. For example, Lerkkanen et al. (2004) defined reading using a composite of word reading and reading comprehension measures, and writing fluency was broadly defined as the total number of words produced by allowing students to write either words or sentences, or a story about a picture. Shanahan and Lomax (1986) , however, included separate latent factors for components of reading (word analysis, vocabulary, and comprehension) and components of writing (spelling, vocabulary diversity, syntax, and story structure) in a single multivariate model.
Levels-of-Language Approach
Recent studies have analyzed separate components of reading and writing on the basis of a levels-of-language approach that differentiates the levels of the word, sentence, and passage Berninger et al., 2002; Whitaker, Berninger, Johnston, & Swanson, 1994) . This approach is supported by the finding that intraindividual differences exist across levels of language (word, sentence, and text) for reading (e.g., Vellutino, Tunmer, Jaccard, Chen, & Scanlon, 2007) as well as writing (Abbott & Berninger, 1993; Whitaker, Berninger, Johnston, & Swanson, 1994) , suggesting that children could be adequate at decoding but not reading comprehension, or adequate in spelling but not sentence formation. Research on linguistics, psychology, and educational sciences further suggests there are common constructs underlying literacy development. These constructs include knowledge of phonological structures, knowledge of the alphabetic principle, fluency in decoding and encoding, comprehension of oral and written language, and wide reading and writing (Foorman et al., 2011) . Furthermore, reading and writing depend on common knowledge of specific components of written language that can be subdivided into graphophonics, text attributes of syntax, and text format (Fitzgerald & Shanahan, 2000) .
Decoding and Encoding Words
Alphabetic writing systems rely on a relatively small number of orthographic units or letters that map roughly onto the phonemes of speech. For example, the letter s is used to represent what actually are different speech sounds or phones associated with the s in same, sure, and spot. The alphabetic principle holds that there is a rough correspondence between phonemes and the letters in an alphabetic system of writing, and children rely on this grapheme-phoneme correspondence in order to read and write words. Fitzgerald and Shanahan (2000) suggested that writers rely on graphophonics, which requires phonological awareness, grapheme awareness, and morphology (Shanahan, 2006) . For example, for decoding the beginning of the word sure, a reader chooses between the potential phonological representations /s/, /z/, /sh/, or a silent letter. For encoding the same word, however, a writer chooses from thes, sh, or h orthographic paths (Shanahan, 2006; Sprenger-Charolles et al., 2003) . Most researchers suggest that encoding is not a reversal of decoding, although both rely on knowledge of the alphabetic principle Foorman et al., 2011; Shanahan, 2006) .
Sentence Reading and Writing
The grammatical rules and punctuations used in creating sentences are attributes of syntax (Shanahan, 2006) . Both readers and writers rely on meaningful syntactic orderings of words as well as the knowledge of punctuation marks to create sentence boundaries. Several studies have shown that children are sensitive to linguistic constrains in oral language as well as written language (e.g., Bates & Goodman, 1999; Rode, 1975 ), even at the preschool level (Puranik & Lonigan, 2010) . Most of the syntactic structures found in written language are learned through many years of schooling , during which children are also learning to read. Research on combining sentences suggests that writers first acquire syntax and semantics at the level of the phrase, but they are unable to form larger units of meaning without error (Rode, 1975) . Research on syntactic complexity of writing has shown that writers use complex syntactic structures (e.g., clauses and complex phrases), although how this development occurs is still not known as most research has focused on the development of writing at the text level or has used cumulative measures of writing Berninger et al., 2010) . Although both reading and writing of sentences begin with developing clauses within sentences, little research has been conducted to examine the development of reading and writing at the sentence level. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Text Reading and Writing
Recent studies have shown that the correlations between passage comprehension and text composition range from moderate to high for both children and adults (Berninger et al., 2002; Kim, Park, & Park, 2013) and that reading comprehension and composition are mutually predictive over time . Readers apply a series of inferences and construct propositions based on the information provided by the text (Foorman et al., 2011; Kintsch & Mangalath, 2011) . Additionally, they form mental models of the text that represent the situation described in the text. Analogous to reading comprehension, composition is also a complex process, entailing translation of ideas into writing as well as transcription skills (handwriting and spelling; Hayes & Berninger, 2010) . However, the pattern of reasoning is different for each process: Whereas readers focus on gaining support for their interpretations, writers focus on strategies to create meaning (Langer, 1986) .
The important conclusion from the reading-writing research is that although reading and writing are not inverse processes, they rely on similar cognitive mechanisms that allow for simultaneous growth as well as transfer of knowledge. A recent study by Abbott, Berninger, and Fayol (2010) modeled the longitudinal development of reading and writing across levels of language. Their study placed emphasis on integrating levels of language by specifying several bidirectional models. Their study included data of children who were tested longitudinally from Grades 1 through 7. The first bivariate model was a subword/word-level model that included handwriting, spelling, and word reading. They included handwriting (a subword skill) to clarify conflicting results of earlier longitudinal studies that show both bidirectional and unidirectional relations between word reading and spelling. The results showed a significant bidirectional relation between word reading and spelling across Grades 2 through 7. For Grade 1, however, only the spelling-to-reading pathway was significant. Abbott et al.'s (2010) second bivariate model included pathways between word (word reading and spelling) as well as text-level measures (reading comprehension and written composition). The word/text model was based on the simple view of reading that holds that reading comprehension is a product of word-level reading and listening comprehension. Similarly, this theoretical framework was applied to writing, whereby writing was conceptualized as a product of word-level writing (spelling) and text-level writing (composition). Similar to the first model, the results for this model showed significant bidirectional relations between word spelling and reading for Grades 2 through 7. For Grade 1, however, only the path from word reading to spelling was significant in this model. Furthermore, for both subword/word and word/text-level models, the magnitude of the univariate spelling-spelling and reading-reading stability parameters (i.e., autoregressors) was larger (range ϭ .59 -.93) than spelling-reading and readingspelling parameters (range ϭ .14 -.33). Similarly, at the text level, their results showed that the magnitude of the bivariate parameters were small. Specifically, reading comprehension predicted composition in Grades 2-6 (range ϭ .13-.22) and composition predicted comprehension in Grades 3-5 (range ϭ .18 -.20).The stability parameters were larger in magnitude and ranged from .47 to .62 for reading comprehension, and from .26 to .41 for composition.
Overall, their results indicate relations between reading and writing at the word and text levels are less clear in Grade 1 than in subsequent grades, possibly because other factors (such as verbal ability or exposure to print) contribute to the development of reading and writing at that grade level. The results showed that differences in magnitude between the stability parameters and bivariate parameters show a weak relation between reading and writing processes, and a strong reading-reading and writingwriting relation. However, their study used observed indicators as measures of reading and writing ability. The use of observed indicators assumes that the constructs were measured without error, and the stability parameters could largely be inflated due to common method variance.
Latent Change Score Modeling
A new model for analyzing longitudinal data called latent change models provide an important new tool for analyzing relations between developing reading and writing (McArdle, 2009) . Latent change score (LCS) models have been applied to various areas of research, including human development, social and personality psychology, psychopathology, cognitive psychology, and neuropsychology to examine dynamics among developmental processes (Ferrer & McArdle, 2010; McArdle & Grimm, 2010) . LCS models combine the strengths of cross-lagged structural models and latent growth curve models, the two kinds of models that are most commonly applied to longitudinal developmental data. Similar to cross-lagged structural models and unlike latent growth curve models, LCS models divide development into segments of time. This allows the use of time-sequence logic (e.g., Does early development of reading account for later development of writing?) to test alternative models of developmental influence among constructs. Similar to latent growth curve models and unlike crosslagged structural models, LCS models explicitly model growth in absolute performance over time. Thus, all of the available data, means as well as covariances, are used to test alternative models. The question that a cross-lagged model answers is: Does reading influence writing? Conversely, the question that an LCS models answers is: Does an improvement in reading lead to an improvement in writing?
The LCS models used in the present study describe group average change over time. Unlike growth curve models, the growth estimates are not based on slopes (or rate of change) but on differences between two scores. The changes (⌬) are essentially the subtraction between the common factor at a time point (t) and the previous time point (t Ϫ 1) (McArdle, 2009) . Estimating LCS allows us to examine whether current level of either reading or writing explains later change in reading or writing. It also is possible to examine whether early change in either reading or writing explains later change (Grimm et al., 2012) . Univariate parameters (e.g., reading-reading) are pathways a and b in Figure  1 , and multivariate parameters (e.g., reading-writing) are pathways c and d. In the interest of parsimony, the pathways were constrained to be the same over time. Thus, the same dynamics are at play during all time periods (Jajodia, 2012) . Additionally, changes are accumulated over time, such that the last change score is an addition of all the previous status and change scores. For example, if we measured a child's weight instead of an academic skill, the This document is copyrighted by the American Psychological Association or one of its allied publishers.
last change score would be an estimate of all the weight gained and lost during the span of 4 years.
Method Participants and Instructional Context
The first-year sample consisted of 316 first-grade children (49% female), and ranged in age from 6 years 1 month to 8 years 9 months (M ϭ 6.6, SD ϭ 0.56). The sample was representative of the student population in Florida, with 60% Caucasian, 25% African American, 4% Hispanic, 4% Asian and 7% another ethnicity.
In the second year of data collection, 270 children (48.5% female) were still included in the study. The second-year sample ranged in age from 7 years 2 months to 9 years 5 months (M ϭ 7.5, SD ϭ .67). The ethnic composition of the sample was 63% Caucasian, 21.5% African American, 5.2% Hispanic, 4.4% Asian, 5.2% mixed ethnicity, and 0.7% another ethnicity. A small number of students (n ϭ 12) were retained in Grade 1 during Year 2 of the study.
In the third year of data collection, 260 children (48.8% female) remained in the study. The third-year sample ranged in age from 8 years 11 months to 10 years 11 months (M ϭ 8.5, SD ϭ .56). The ethnic composition was 61.5% Caucasian, 23.5% African American, 5% Hispanic, 5.8% Asian, and 4.2% mixed ethnicity. A small number of students (n ϭ 2) were retained in Grade 2 during Year 3 of the study.
In the fourth and final year of data collection, 219 children (48.1% female) remained in the study. The fourth-year sample ranged in age from 9 years 10 months to 11 years 1 month (M ϭ 9.9, SD ϭ .42). The ethnic composition was 59.1% Caucasian, 
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24.2% African American, 4.7% Hispanic, 4.7% Asian, 5% mixed ethnicity, and 1.2% unknown. A small number of students (n ϭ 13) were retained in Grade 3 during Year 4 of the study. Following the Sunshine State Standards, students are required to take the Florida Comprehensive Assessment Test (FCAT) yearly. The FCAT contains a Reading subtest that assesses informational and literary reading comprehension. The Writing subtest requires students to write a narrative, expository, or persuasive essay within a 45-min session. Accordingly, schools in Florida provide a minimum of 90 min of instruction in arts and literacy, including instruction on phonological awareness, phonics, fluency, vocabulary, and comprehension, although many classrooms/schools exceed 90 min. Furthermore, schools in the Leon County District, where this study was conducted, use a reading program called Imagine It! (formerly Open Court). This reading program takes a balanced approach to instruction that combines explicit instruction in skills like phonological awareness and phonics with considerable opportunity to acquire skills implicitly through reading. Writing instruction focuses on improving key components of writing, including focus, organization, support, and conventions (Florida Department of Education, 2013).
Measures
Decoding. Two forms of the Test of Word Reading Efficiency (TOWRE; Torgesen, Wagner, & Rashotte, 1999 ) Phonetic Decoding Efficiency (PDE) subtest were used to assess pseudoword reading fluency and accuracy. Forms C and D were used during Years 1 and 3, and Forms A and B were used during Years 2 and 4 to form a pseudoword decoding latent factor. The TOWRE PDE requires accurately reading as many nonwords as possible in 45 s. The TOWRE test manual reports test-retest reliability to be .90 for the PDE subtest.
Sentence reading. Two forms of the Test of Silent Reading Efficiency and Comprehension (TOSREC, Forms A and O; Wagner, Torgesen, Rashotte, & Pearson, 2010) were used as measures of silent reading fluency. Students were required to read brief statements (e.g., "A cow is an animal") and verify the truthfulness of the statement by circling yes or no. Students are given 3 min to read and answer as many sentences as possible. The mean alternate forms reliability for the TOSREC ranges from .86 to .95. The TOSREC is designed to measure both silent reading fluency and comprehension.
Oral reading fluency. Two forms of the Dynamic Indicators of Basic Early Literacy Skills (DIBELS) Oral Reading Fluency (Good, Kaminski, Smith, Laimon, & Dill, 2001) were used as indicators of text reading fluency. Students were asked to read a passage out loud for 1 min. The number of correct words from the passage is the total score. Words omitted, substituted, and hesitations of more than 3 s were scored as errors. Test-retest reliabilities for elementary students are reported to range from .92 to .97.
Reading comprehension. The Woodcock-Johnson-III (WJ-III) Passage Comprehension subtest (Woodcock et al., 2001 ) and the Woodcock Reading Mastery Test-Revised Passage Comprehension subtest (WRMT-R; Woodcock, 1987) were used to provide two indicators of reading comprehension. For both of the passage comprehension subtests, students read brief passages to identify missing words. Testing is discontinued when the ceiling is reached (six consecutive wrong answers or until the last page was reached). According to the test manuals, test-retest reliability is reported to be above .90 for the WRMT-R, and the median reliability coefficient for the WJ-III is reported to be .92. Furthermore, it is possible that reading comprehension tests measure different skills depending on developmental level, reflecting a greater influence of decoding for younger and less skilled children than older and more skilled children (see Keenan, Betjeamm, & Olson, 2008) .
Spelling. The Spelling subtest from the Wide Range Achievement Test-3 (WRAT-3; Wilkinson, 1993) and the Spelling subtest from the Wechsler Individual Achievement Test-II (WIAT-II; Wechsler, 2002) were used to form a spelling factor. Both spelling subtests required students to spell words with increasing difficulty from dictation. The ceiling for the WRAT-3 Spelling subtest is misspelling 10 consecutive words. If the first five words are not spelled correctly, the student is required to write his or her name and a series of letters and then continue spelling until they have missed 10 consecutive items. The ceiling for WIAT-II is misspelling six consecutive words. The reliability of the WRAT-3 spelling subtest is reported to be .96, and the reliability of the WIAT-II Spelling subtest is reported to be .94.
Written expression. The Written Expression subtest from the WIAT-II (Wechsler, 2002) was administered. The Written Expression score is based on a composite of Word Fluency and Combining Sentences in first and second grades and a composite of Word Fluency, Combining Sentences, and Paragraph tasks in third grade. In this study, the Combining Sentences task was used as an indicator of writing ability at the sentence level. For this task, students are asked to combine various sentences into one meaningful sentence. According to the manual, the test-retest reliability coefficient for the Written Expression subtest is .86.
Writing prompts. Writes Upon Request (WUR) is a districtlevel program that assesses student writing in first through 10th grades and is used to prepare students for the Writing portion of the FCAT. Trained classroom teachers administered the tests and scored the samples based on a holistic score of 1-6 (FLDOE, 2013) . The holistic score was based on (a) focus, or the ability to maintain an idea, theme, or unifying point; (b) organization, or the structure and relationship between the beginning, middle, and end of the text; (c) support, or the quality of details used to explain, clarify, and define; and (d) conventions, or punctuation, capitalization, spelling, and sentence structure. Information about the reliability of scoring was not available. Because the writing quality score used in this study was an assessment of overall writing quality, it is possible that different results might hold when specific components of written expression are scored separately, for example, macroorganization, voice, how well arguments are made, and the like. A second writing composition task was also administered. Participants were asked to write a passage on a topic provided by the tester for 10 min. Students were instructed to scratch out any mistakes and were not allowed to use erasers. Both the WUR and compositional fluency prompts included narrative and expository prompts. The topics for the compositional fluency task were as follows: choosing a pet for the classroom (Grade 1), favorite subject (Grade 2), a day off from school (Grade 3), and a time you went on a field trip (Grade 4). A computational index of total number of words produced was used as an indicator for text-level writing. Reliability is nearly perfect for the total number of words as it is an automated score and requires no human judgment. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Procedure
Participants were tested on all measures once a year, approximately 1 year apart. Participants were first-grade students in the fall of 2007 whose parents consented to participate in the longitudinal study. Participants attended six different schools in a metropolitan school district in Tallahassee, Florida. Data were gathered by trained testers during 30-to 60-min sessions in a quiet room designated for testing at the schools.
Results
Prior to analysis, data were screened for missing values, outliers, and normality. The attrition rate from the previous year was 14.5% (n ϭ 46) at Time 2, 3.7% (n ϭ 10) at Time 3, and 15.8% (n ϭ 41) at Time 4. Reasons for not being included in Years 2-4 were moving out of the area, no longer wishing to participate, or unable to be contacted. Students who dropped prematurely from the study did not differ significantly from those who completed the study on demographics and on most variables at Time 1. Significant differences were found for the DIBELS Oral Reading Fluency tests, F(1, 314) ϭ 4.07, p ϭ .04; and, F(1, 314) ϭ 4.09, p ϭ .04, respectively. These small differences due to attrition bias present threats to internal validity and should be considered when interpreting the results for the text-level fluency model. Full information maximum likelihood estimation (FIML) was used in Mplus 7 (Muthén & Muthén, 1998 to handle missing data points. This approach was used because maximum likelihood estimates of missing data provide the least biased estimates (Little & Rubin, 1989) .
Outliers were corrected using the median Ϯ2 interquartile range as the criterion for classifying a data point as an outlier (Tabachnik & Fidell, 2007) . As a final step, each child's scores were standardized on the basis of their Year 1 scores. The z-score standardizations indicate how many standard deviations a child's score is above or below their Year 1 score.
1 Z scores are useful for comparing values of variables that are measured on different scales. Table 1 contains descriptive statistics for all measures. Evaluation of skewness and kurtosis statistics revealed mild departure from normality for Grade 2 WRMT Passage Comprehension (kurtosis ϭ 2.49) and Grade 3 WRMT Passage Comprehension (kurtosis ϭ 2.92), likely due to few data points hitting the floor on these variables (n ϭ 3 for Grade 2; n ϭ 1 for Grade 3). The remaining skewness and kurtosis values fell within an acceptable range, indicating that the data were normally distributed. Tables 2 and 3 present correlations reported by year.
Test of Nested Models
A series of LCS models were conducted using Mplus 7 (Muthen & Muthen, 1998 . Three nested models (two unidirectional and a bidirectional model) were tested for each level of language (word, sentence, and text). In the reading-to-writing model (see Figures 1, 3  and 4) , the pathways from reading to writing were estimated, whereas the pathways from writing to reading were fixed at zero. In the writing-to-reading model, the pathways from writing to reading were estimated and the pathways from reading to writing were fixed at zero. In the bidirectional model (see Figure 2) , all pathways were estimated. The stability parameters (autoregressions between true scores) and the pathway from the LCS to its true score were fixed at 1 to meet model identification requirements (McArdle, 2009; McArdle & Grimm, 2010) . Univariate pathways (called autoproportions; pathway a in Figure 1 ) are regression coefficients of the change score regressed on its true score at the previous time point. Univariate parameters also include autoregressions between changes 2 (pathway b in Figure 1 ). Multivariate pathways (called coupling effects, or status to change) include the change scores regressed on the other true score at an earlier time point (pathway c in Figure 1 ) as well as the change score regressed on the other change score (pathway d in Figure 1 ). These additional pathways were added to estimate causal effects of change scores on subsequent change scores (see Grimm et al., 2012) . Specifically, univariate autoregressors and multivariate crossregressions were added between the change scores. The additional impact of these pathways allowed the change in one variable to impact the change in the other. For LCS models in this study, initial change scores are different from subsequent change scores because of the additional parameters that predict the second and third change scores. Thus, all change scores are predicted by the reading and/or writing latent factors at the previous year, but the second and third change scores are also predicted by previous change scores. The correlation between the latent factors at Year 1 was included to account for the action of causal effects prior to the time period modeled. The double-headed arrows going from a variable to itself represent the variances of Year 1 true scores, as well as residual variances of errors and the residual variance of the change scores. Strict measurement invariance was established by setting the loadings of the factor to be equal over time, and the residual variances of the observed variables were also set to be equal over time. This was done in order to ensure the true scores measured the same latent skill over time.
As the unidirectional models are nested within the bidirectional model, chi-square difference testing was used to statistically compare models. The base model, or the bidirectional model, always yields the best fit as it has the fewest constraints and is thus the least restrictive. However, in the interest of parsimony, the most restrictive nested model that is not significantly worse fitting is preferred. Fit indices for the constrained models are presented in Table 4 .
Comparison of the unidirectional and bidirectional models with a chi-square difference test revealed that the word-and text-level reading-to-writing models did not provide a significantly poorer fit to the data than did the less constrained bidirectional model. Thus, they were considered the most appropriate models at the word and text levels of language. At the sentence level, a chi-square differ-1 Z-scores are different from latent change scores because z scores centralize the data relative to a sample mean (in this study, we used the mean of Grade 1), and distributions expressed in z scores have a mean of 0 and standard deviation of 1(see Grade 1 in Table 1 ). Latent change scores represent individual differences in true scores between a time point and the previous time point, and each latent change score has its own distribution (see Table 5 ).
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ence test revealed that the unidirectional model provided a significantly poorer fit than did the bidirectional model. Consequently, the bidirectional model was considered the most appropriate model only for the sentence level. The estimated means, standard deviations, and minimum and maximum values of the change scores are summarized in Table 5 . Overall, the mean of the changes were positive and indicated the largest gains in all reading variables as well as spelling were made between Grades 1 and 2. The largest gains in sentence writing and compositional fluency were made between Grades 2 and 3. The variances of the change scores indicated there was a small amount of interindividual variability in changes in reading as well as spelling, but the large variances of the sentence-and text-level changes indicate that student's growth trajectories varied more at these higher levels of written language.
Evaluations of Structural Models
Word level. Figure 1 contains the unstandardized regression coefficients for the word-level reading-to-writing model. Factor correlations at Year 1 showed that decoding was highly correlated with spelling (r ϭ .72, p Ͻ .001). Decoding changes were predicted by previous decoding changes (␤ ϭ .14, p Ͻ .05), but were not predicted by decoding status (␤ ϭ Ϫ.03, p Ͼ .05). The positive and significant effect of the autoregressions indicates that children who improved on decoding continued improving on decoding This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
across years. The nonsignificant value of the autoproportions could potentially be due to low ceiling effects that are characteristic of decoding, rather than the lack of a true relation. Spelling changes were predicted by spelling status (␤ ϭ Ϫ.09, p Ͻ .05), but were not predicted by spelling changes (␤ ϭ .04, p Ͼ .05). The negative effect of the autoproportion indicates that children who started out with lower scores on spelling improved more.
Turning to bivariate effects of reading on writing, spelling changes were predicted by decoding status at the previous year (␤ ϭ .13, p Ͻ .05), indicating that children who scored high on decoding grew faster on spelling between years. Spelling change was also predicted by decoding change (␤ ϭ .13, p Ͻ .001). The positive change-to-change effect indicates that decoding is a leading indicator of spelling, as children who grow on nonword reading can be expected to also grow on spelling. The coupling change-to-change effect is the most important effect in terms of establishing reading-to-writing relations, as it shows that gains in one variable can be used to influence subsequent gain in another.
Sentence level. Figure 2 contains the unstandardized regression coefficients for the sentence-level bidirectional model. The correlation of .30 (p Ͻ .001) indicates a moderate relation between the initial reading and writing factors. Sentence reading changes were predicted by sentence reading at the previous year (␤ ϭ Ϫ.19, p Ͻ .001). Specifically, children who scored low on sentence reading subsequently improved on sentence reading. Similarly, sentence writing changes were predicted by sentence writing status (␤ ϭ Ϫ.48, p Ͻ .001).
In terms of bivariate effects, sentence writing changes were predicted by sentence reading status (␤ ϭ .79, p Ͻ .001). These findings suggest that children who scored high on sentence reading improved on sentence writing across years. Furthermore, sentence writing status also had a small but significant effect on sentence This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
reading changes (␤ ϭ.05, p Ͻ .001), indicating that children who scored high on sentence writing improved on sentence reading across years. Text level. Figures 3 and 4 contain the unstandardized regression coefficients for the fluency and discourse text-level models, respectively. The correlation of .37 (p Ͻ .001) indicated a moderate relation between the initial reading and writing fluency, as did the correlation between reading comprehension and writing quality (r ϭ .49, p Ͻ .001). The pattern of results for the autoproportions was similar to the sentence-level model. Results showed that reading changes were negatively predicted by reading status for fluency (␤ ϭ Ϫ.08, p Ͻ .001) as well as discourse (␤ ϭ Ϫ.19, p Ͻ .001). Similarly, writing changes were a function of writing status for the fluency model (␤ ϭ Ϫ.23, p Ͻ .001) and the discourse model (␤ ϭ Ϫ.63, p Ͻ .001). Autoregressions were significant between writing changes in the fluency model (␤ ϭ Ϫ.27, p Ͻ .001) and between reading changes in the discourse model (␤ ϭ Ϫ.35, p Ͻ .001). The negative effect of the autoregressions shows that children who made larger gains were those who had made fewer gains between the previous school years.
In terms of the bivariate effects, changes in writing were predicted by reading status for the fluency model (␤ ϭ .19, p Ͻ .05) and the discourse model (␤ ϭ .48, p Ͻ .001), suggesting that students who are adequate at text-level reading are able to make gains in writing quantity as well as quality.
In sum, univariate relations (reading-to-reading and writingto-writing) were characterized by low status at the previous year predicting subsequent changes in reading and writing at all levels of language (with the exception of word-level reading). Hence, as expected, children who were growing were those who had a low status on reading or writing achievement the previous year. Our findings also indicated that writing changes were a function of reading status, and this relationship was stronger for This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
sentence writing and writing quality than for spelling and compositional fluency. In addition, improvement in decoding predicted an improvement in spelling across years. Finally, status in sentence writing had a small effect on the improvement in sentence reading.
Gender Differences
We further compared parameter estimates across gender because disparities in developmental patterns of writing are often found in the literature. The means of the change scores were similar for both genders across constructs, except for writing quality (see Table 6 ). In terms of univariate and multivariate parameters, our results showed differences only in the autoregressive pathways, such that word reading (␤ female ϭ .18, p Ͻ .05; ␤ male ϭ .09, p Ͼ .05) and reading comprehension (␤ female ϭ Ϫ.47, p Ͻ .05; ␤ male ϭ Ϫ.16, p Ͼ .05) autoregressions were significant for females but not males, and sentence reading (␤ male ϭ .17, p Ͻ .05; ␤ female ϭ .05, p Ͼ .05) and compositional fluency (␤ male ϭ Ϫ.23, p Ͻ .05; ␤ female ϭ Ϫ.12, p Ͼ .05) were significant for males but not females. These results suggest that girls who make gains in decoding continue to make gains in decoding. However, girls who make gains in reading comprehension are those who did not initially make gains in reading comprehension. Boys who made gains in sentence reading continue to make gains in sentence reading, and boys who made gains in compositional fluency are those who did not initially make gains in compositional fluency. These results suggest that reading-writing relations are similar for girls and boys, but the developmental pattern of writing quality may be somewhat different. Finally, we examined the residual variances of the change scores and found there was sizable variance left to be explained, especially for sentence writing, compositional fluency, and, to a lesser extent, writing quality. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Discussion
The purpose of the present study was to investigate the unidirectional and bidirectional relations between reading skills (decoding, sentence reading, text reading fluency, and text comprehension) and writing skills (spelling, writing sentences, compositional fluency, writing quality). The use of LCS modeling allowed us to investigate the nature of the improvement in reading and writing across Grades 1 through 4 and examine the possible contributions of the various reading processes as leading indicators of growth in writing. The reverse relation (writing-to-reading) and bidirectional relations were also examined. The best fitting models were then examined in the context of higher order cognitive and linguistic factors.
Although research supports the existence of bidirectional relations between reading and writing Lerkkanen et al., 2004; Shanahan & Lomax, 1986 , 1988 , the results of LCS modeling used in the present study were that reading-to-writing models were superior to writing-to-reading and bidirectional models, especially for the word and text levels of writing. At the sentence level, a bidirectional model was superior, although the writing-to-reading pathways were very small. Our findings suggest that reading exerts a relatively larger influence on writing factors than the influence of writing on reading factors. In other words, our results show that reading and writing are related (and more so at the word level) and that children apply the knowledge base used in reading to their writing across all levels of language, but this developmental pattern is not reversible (i.e., with the exception of sentence reading, children do not apply their knowledge of writing to improve their reading). This finding is in line with the view that reading and writing rely on a similar knowledge base, but they are neither reversible nor identical processes Foorman et al., 2011; Shanahan, 2006) , as teaching one skill independently (reading or writing) is not automatically applied in the context of the other skill. In this sense, reading and writing are separate processes that have unique properties. However, our findings as well as interventions that are based on combinations of reading and writing (see, e.g., Graham & Hebert, 2011) indicate that learning a counterpart skill from reading or writing could have cross-modal benefits that are based on procedural knowledge rather than shared semantic knowledge. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
The correlations between reading and writing at Year 1 were of particular interest. The relation was strongest at the word level (r ϭ .83) and moderate at the text-discourse level (r ϭ .66), text-fluency level (r ϭ .42), and sentence level (r ϭ .36). This may reflect that the relation between reading and writing decreases as a function of complexity of language. This is consistent with the research by Berninger and colleagues that show a higher correlation between word recognition and word spelling than for textlevel variables for both children and adults (Abbott & Berninger, 1993; Berninger, Vaughan et al., 1998; Berninger et al., 2002) . This finding is also consistent with research by Metha and colleagues (2005) , who suggest that decoding and spelling form a common literacy factor at the word level.
The findings of this study showed that it is possible to disentangle the variability in change from overall achievement status and that both status and change play an important role as predictors. As expected, the results from the LCS analysis suggested that changes in reading and writing were characterized by a rise in scores (with the exception of writing quality for males), although the variances of the change scores suggested variability in the pattern of changes. Writing changes were predicted by achievement status and/or growth (change) in reading. At the word level, change in spelling was predicted by status in decoding, suggesting that skilled readers improve on spelling more than less skilled readers. Change in spelling was also predicted by decoding change, suggesting that children who improved on decoding between grades improved on spelling between subsequent grades. These findings are in line with the theories of reading and spelling development that emphasize the role of phonological skills in spelling development (e.g., Aarnoutse et al., 2005; Babagayigit & Stainthorp, 2011; Berninger et al., 2002; Juel, 1988; Shanahan & Lomax, 1986; Sprenger-Charolles et al., 2003) and suggest that the ability to read words correctly may facilitate writing them correctly, via mastery of phoneme-grapheme relations that are learned through reading (Ehri, 2005) . The finding that an improvement in decoding leads to an improvement in spelling is also consistent with spelling interventions that are based on word and pseudoword recognition (Shanahan, 2006) .
Unlike previous research that showed that silent sentence reading fluency did not explain any unique variance in sentence combining (Berninger et al., 2011) , we found that change in sentence combining was a function of high status in sentence reading at the previous year. Thus, our findings suggest that the ability to read sentences facilitates writing them. One possible explanation is that an individual who is fluent at reading sentences is more familiar with sentence structures and syntactic knowledge compared with an individual who is not fluent. This is consistent with research on combining sentences, which suggests that sentence construction requires considerable cognitive effort as it is dependent on word choice, syntax, clarity, and rhythm (Saddler & Graham, 2005) . The small effect of sentence writing on sentence reading suggests that writing sentences correctly also facilitates reading them because combining sentences requires knowledge of syntax and structures of sentences, which in turn facilitates reading sentences.
At the text-fluency level, reading fluency status predicted writing fluency, suggesting that children who are skilled at decoding connected text also write faster (or produce more text in 10 min). The finding that growth in reading fluency facilitates growth in writing fluency suggests that teaching fluent decoding of connected text can lead to more writing. At the text-discourse level, status in reading comprehension predicted change in writing quality. Children who read for comprehension are more familiar with the format of larger texts and story structures, and it is possible that skilled readers apply this knowledge to their writing.
Although some aspects of written language are likely to be specific to reading, other aspects are likely to be general to This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
linguistic and cognitive factors. In comparison to reading, there has been considerably little research about which language and cognitive factors contribute to early writing development, but findings based on the cognitive processes of writing (e.g., planning, translating, reviewing, and revising; Hayes & Flower, 1980; Hayes, 1996) suggest key constructs identified by these theories such as oral language, verbal IQ, and working memory (Shanahan, 2006) . Hence, more research is required to determine the exact nature of the writing-to-reading relations in the context of language and higher order cognitive functions. 3 Furthermore, it is possible that other factors that are more closely related to the writing process are relevant predictors of overall writing quality. These factors include reasoning and planning, knowledge of story structure and genre, as well as grammar, syntax, and punctuation rules.
Our results need to be interpreted in the context of the general education framework. First, reading instruction is prioritized over writing instruction in the United States. Thus, it is possible that in the presence of rigorous writing instruction, bidirectional or writing-to-reading models may be accurate. Second, reading and writing abilities are normally distributed in the general education framework. It is possible that changes might be characterized by decline in scores over time if children with learning disability are examined. Third, we examined reading-writing relations in English, and it is possible that the relations are different for shallower and deeper orthographies. Hence, our results apply to typically developing students from a middle-class socioeconomic status background. Finally, conclusions from this study have to be drawn with caution because the LCS models used in this study have been introduced only recently in the literature (McArdle, 2009; McArdle & Grimm, 2010) . Nevertheless, statistical theory suggests that LCS models provide for a valid description of longitudinal data (Ferrer & McArdle, 2010) .
Limitations
Finally, caution is warranted in interpreting our results due to three limitations of our study. First, we lacked specific information about the instructional context of the classrooms. It would be important in future research to use videotape or other classroom observational methodologies to better characterize the specific instructional practices that were used to teach reading and writing.
Second, our results are completely dependent on the variables included in our models. Most of the measures were brief, easily administered tasks due to the requirement of measuring performance at multiple levels of language in a battery with a practical length for repeated administration in a longitudinal study. It is important to replicate and extend these results in subsequent studies using alternative measures of reading and writing at the word, sentence, and text levels. It would also be useful to include other measures that represent hypotheses about relations between reading and writing to see whether they mediate observed coupling influences on their codevelopment. In addition, although handwriting (a subword process) was indirectly measured in our study via the spelling measures (e.g., writing letters from dictation), research shows that handwriting plays an important role in the performance of written expression, even for older students (Connelly, Dockrell, & Barnett, 2005) . Thus, just as the explicit incorporation of handwriting measures is important for studying the development of writing, it is important to include handwriting in future studies examining reading-writing relations.
Third, we lost approximately one third of our sample due to attrition as we followed our participants from first through fourth grade. It was the case that the profiles of the children who dropped out of the study were similar to those who participated in all waves. Furthermore, the use of FIML for data that are missing at random works well in these cases. Nonetheless, it is important for future studies to incorporate additional participants at each wave of data collection in order to maintain a stable sample size across waves.
In conclusion, this study extends the literature on developmental relations between reading and writing with three findings. First, we have shown that a reading-to-writing model is more adequate than a bidirectional model, especially at the word and text levels. Second, LCS models are adequate for describing growth in reading and writing, and relations between them. Third, writing was a function of reading at all levels of language, and reading was a function of writing at the sentence level. Our results show that in order to understand the development of written expression, sentence-level writing should be studied more extensively (this is evident because reading-to-writing relations were the strongest at the sentence level, and because of the large residual variances for sentence-level writing). Finally, if future research corroborates that reading is a determinant of writing, interventions may benefit from exploring this relation at the word, sentence, and text levels.
